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险-避险”模式，并应用热度图分析自 2005 年 9 月至 2014 年 11 月 26 种资产的
相关性变化。之后，基于 1994 年 1 月至 2014 年 11 月的数据，本文运用主成分
分析模型和绝对相关性，构建了刻画“冒险-避险”模型的指数。本文发现，在
2008 年金融危机后，资产间的相关强度发生了很大变化。“冒险-避险”指数表明



























Financial stability plays a crucial role in the financial system and the economy as a 
whole. The latest financial crisis in 2008 has emphasized the importance of global 
financial stability. As the major components in the financial system are financial 
markets, changes in financial markets can become sources of risks that harm global 
financial stability. Hence, identifying asset price movements that could create 
uncertainty in financial markets is an important process in ensuring global stability. In 
this paper, we investigate the Risk On – Risk Off paradigm that has dominated 
financial markets since the financial crisis in 2008. We analyze changes in the 
correlations among 26 assets during September 2005 to November 2014 using heat 
maps in order to trace the birth of the paradigm. Then, we construct indices to track 
the paradigm using a dataset from January 1994 to November 2014. The techniques 
used to construct the indices are absolute correlation and Principal Component 
Analysis techniques. We find striking changes in the strength of the asset–cross 
correlations evolving over the period, particularly during the 2008 financial crisis. 
The Risk On – Risk Off indices indicate that the degrees of the correlations rise to 
unprecedented levels since the early of the crisis until 2013. Although the paradigm 
appears to be fading in 2014, there is a clear upward trend in the asset correlations. In 
addition, we construct a Risk On – Risk Off indicator to demonstrate directions of 
financial markets. The index becomes a very useful tool in analyzing market risk 
appetites. Moreover, we discuss certain causes and consequences of the Risk On – 
Risk Off phenomenon. The integration of global economies and globalization of 
financial markets are commonly agreed to have contributed to a rise in cross-asset 
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Chapter 1 Introduction 
Chapter 1 Introduction 
In this chapter, we discuss the research background and interesting things about this 
topic. Also, we provide a brief history of the birth of the Risk On – Risk Off 
phenomenon and how it has become mainstream in financial markets today. This is 
followed by a literature review shedding light on previous related findings in the 
literature. 
1.1 Background 
Since the 2008 global financial crisis, the Risk On – Risk Off (“RORO”) state of 
financial markets has increasingly become a mainstream covered in both national and 
international financial press. The phrase RORO, coined by HSBC, one of the world’s 
largest banks, is a paradigm developed in research at the University of Oxford 
Mathematical Institute in collaboration with HSBC Foreign Exchange Group. The 
research provided a view of the markets which came to be known as RORO or simply 
explained as the phenomenon of increased market correlations that developed during 
the financial crisis. This is the manifestation of the Principal Component Analysis 
(“PCA”).1 According to University of Oxford (2014), RORO uses two risk states to 
characterize market conditions, and individual assets are characterized as being either 
risky assets, or safe-havens. The two-risk states in relation to investors’ behavior can 
be described as follows. 
“Risk On” periods see investors buy risky assets and employ traditional 
correlation-based strategies, although even in these periods, correlation levels are 
much higher than was typical before the financial crisis. Thus, risky assets rise in 
value and safe-haven instruments fall. 
In “Risk Off” periods, these moves swing into reverse as investors all move into safe 
1 Principal Component Analysis (“PCA”) is a common technique for finding patterns in data of high dimension. 
Since we also use this statistical technique to conduct our research, the details of PCA can be found in Chapter 3 
Methodology of this paper. 
1 













Chapter 1 Introduction 
havens, which all become highly correlated. RORO has profound consequences for 
asset managers as well as for other market participants such as hedge funds, corporate 
institutions and central banks. 
Also explained by University of Oxford (2014), the RORO methodology which has 
begun as a specialized research tool within HSBC’s foreign exchange team, was 
publicized in the advice that HSBC supply to a wide range of major fund managers, 
corporate institutions and central banks. The research has led directly to a change in 
the way that asset managers think about investment decisions with consequent impact 
on the investment and risk management strategies they undertake. 
The research has now had significant economic and societal impacts. In term of 
economics, it has had wider impact in the thinking and actions of investors and other 
global market participants in managing their financial resources as many substantial 
investors using the HSBC RORO index as a key quantitative tool for making 
investment decisions. The societal impact has been in the adoption of RORO as a 
standard term in media coverage of financial markets. Therefore, use of the RORO 
framework has now extended well beyond HSBC and other professional investment 
managers. 
Since the RORO paradigm is relatively new in financial markets and the analysis of 
the HSBC RORO index is a privately – published research, there are not many studies 
that have explained the RORO state and showed how it has dominated the markets 
today. Therefore, in this paper, we mainly follow the key methods used by HSBC 
(2010) and Fenn, Porter, Williams, McDonald, Johnson, and Jones (2011) in order to 
investigate the paradigm and construct a RORO index using PCA from a dataset of 
asset returns. We extend our dataset by using the data from January 1994 to 
November 2014 for our analysis on the Risk On – Risk Off patterns emerging 
particularly strong since the financial crisis in 2008. Furthermore, we construct 
another RORO index by rolling average absolute correlations. We then compare the 














Chapter 1 Introduction 
construct Risk On and Risk Off indicator to assess market directions over time. 
Financial markets are important for efficient allocation of resources. The RORO 
phenomenon has become one of the major drivers of financial markets and it 
represents uncertainty in the markets that is not conducive to financial stability. Thus, 
it is important to all financial market participants to understand the phenomenon. By 
investigating and analyzing the RORO patterns we aim to help the participants 
understand financial market situations and their relations to major global economic 
events and crises. 
1.2 Literature Review 
The underpinning research behind HSBC RORO index was conducted by Fenn, 
Porter, Williams, McDonald, Johnson, and Jones (2011). They studied about the 
temporal evolution of multi-asset correlations and their relationship to 
macroeconomic and geopolitical events in 2008. In their research, these were 
characterized and measured using evolving correlation matrices, which were 
constructed from a large dataset of asset prices. The research revealed that there was a 
structure in the data in which they investigated in more detail via a Principal 
Component Analysis. A key result was that before the collapse of Lehman Brothers in 
September 2008, the first component was generally unremarkable and many assets 
were close to uncorrelated. Post–Lehman, a dominant component emerged, the 
strength of which was tightly coupled to market events in which all bonds were 
closely correlated, as were all equities. Another significant outcome of the research 
was the development of principal component-based graphical and quantitative method 
to analyze the evolution of correlation structure, track the RORO phenomenon and 
monitor its influence on particular assets. 
HSBC (2010) traced the birth of the RORO paradigm by constructing correlation heat 
maps for financial assets to visualize how the correlations between financial asset 














Chapter 1 Introduction 
unprecedented levels since the onset of the credit crisis. As the inventor of HSBC 
RORO index, they also tracked its evolutions from 1990. They suggested that the 
paradigm would remain the dominant market theme until the global economic 
recovery has been much more secure. In addition, HSBC RORO index is one of 
HSBC risk indices which have continuously been tracked in its regular private 
publications. 
Later, HSBC (2012) extended its work on RORO and looked at how the phenomenon 
broke an investment process. They presented both investment problems and options to 
handle the problems in order to highlight the influences of the phenomenon on 
financial markets and indicate a major opportunity to access returns in the markets 
under RORO circumstance. 
Papenbrock and Schwender (2013) analyzed the RORO dynamics of a multi-asset 
futures portfolio. The researchers created filtered correlation matrices and performed 
k-means clustering to detect correlation regimes.2 After five different correlation 
regimes were found, they then conducted a network analysis using Minimum 
Spanning Trees (“MST”).3 The technique resulted in two distinct MSTs, one for Risk 
On assets and the other for Risk Off assets. From their cluster tracking, the 
researchers confirmed the observation of higher correlations in the post–Lehman 
period. 
Certain studies have used Risk On and Risk Off states to explain asset and investment 
behaviors or describe the international flow of funds. Haque (2013) studied how the 
RORO effect in international stocks and bond markets affected the Australian stock 
market. The author identified three financial market states; Risk On, Risk Off, and 
Non – RORO or normal state. However, the depiction of Risk On and Risk Off states 
in this paper matched closely with the timelines presented by HSBC (2010). The 
2 Clustering is the process of partitioning a group of data points into a small number of clusters. In general, we 
have n data points that have to be partitioned in k clusters. Thus, k-means is a clustering method that aims to find 
the positions u(i), i = 1...k of the clusters that minimize the distance from the data points to the cluster. 
3 The minimum spanning tree (“MST”) is an acyclic sub-network that connects all nodes in the original network. 
The MST of a weighted graph is a set of n-1 edges of minimum total weight which form a spanning tree of the 
graph. When a graph is not weighted, any spanning tree is a minimum spanning tree. 
4 













Chapter 1 Introduction 
author found that an average return of the Australian stock market during the presence 
of RORO was significantly different from the return without the presence of RORO. 
Moreover, the average return in Risk On period was also significantly different from 
the average return in Risk Off periods. 
Based on his observations, Lee (2012) concluded that Risk On, Risk Off generally 
refers to an investment environment in which asset price behavior is largely driven by 
how the appetite for risk advances or retreats over time. By formulating a situation 
where assets in markets were in a normal state with correlation less than one versus 
the extreme “Risk On, Risk Off” state with perfect correlation among all assets, the 
researcher derived a set of results in relation to the investment opportunity set on how 
assets should behave. 
De Bock and de Carvalho Filho (2013) examined the behavior of currencies during 
Risk Off episodes in which risky positions are cut across asset classes. The 
researchers defined Risk Off periods based on the VIX, a measure of U.S. equity 
market volatility that is widely–used as a proxy for global risk aversion.4 Also, they 
examined how responses to Risk Off episodes have changes over time. One of the 
main findings they found was that currency markets exhibited recurrent patterns 
during Risk Off episodes and the patterns can be identified by simple correlations. 
McCauley (2013) studied the international flows of funds and leverage that 
accompany Risk On and Risk Off states. The researcher found that in Risk On 
markets leveraged and unleveraged global investors moved their funds to emerging 
markets. In response, emerging market central banks that managed their currencies 
tended to increase their reserves by investing them in safe assets in reserved 
currencies. This meant that the flows of funds produced an acquisition of risky assets 
one side and an acquisition of safe assets on the other. The international flows of 
funds reversed when Risk Off was present. 
4 The VIX is derived from options prices on the S&P 500 index. The index is a widely-used measure of market 
risk as it informs us about volatility and risk pricing in the US equity market. It is often referred to as the "investor 
fear gauge". 
5 













Chapter 2 Data 
Chapter 2 Data 
In order to perform our analysis, we consider a range of assets in different markets 
that can provide us the view of overall global financial markets. Thus, we select 26 
assets which are internationally recognized and widely used in previously mentioned 
research studies. These assets include 8 equity indices, 5 bond indices, 8 currencies, 
and 5 commodities – see Table 1 of Appendix for summary of the 26 assets and their 
abbreviations used in this paper. 
We obtain daily closing prices of the 26 assets from January 04, 1994 to November 28, 
2014 from Thomson Reuters Datastream, a well-known reliable source for global 
financial data. The time period covers several financial crises and recoveries. The 
daily returns calculated from the dataset are used for further analysis. We use only the 
time series of cash prices instead of using a mixture of futures and cash instruments to 
compute the returns. The purpose is to make the daily returns calculated from all these 
series more comparable and the correlations computed more reliable, which is in 
contrast to HSBC (2010, 2012). 
In order to illustrate the idea of Risk On and Risk Off, we obtain the VIX for the same 
time period from Yahoo! Finance website to demonstrate the magnitude of changes in 
financial markets. In addition, we will explain each asset category of the 26 assets 
used in this research. 
2.1 Equity Indices 
A stock market index is intentionally constructed to represent an entire stock market. 
It represents the performance of the stock market and thus, is used as a proxy to 
reflect investor sentiment on the economy. Also, stock indices are useful tools for 
investors to track the markets’ changes over long periods of time.  
We select 8 of the world’s best known stock indices to analyze as follows; S&P 500, 
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CAC 40. 
2.2 Bond Indices 
According to Zucchi K (2014), the 10-year US government bond is widely known as 
one of economic indicators since its yield tells investors more than the return on 
investment for the security. This bond signals investor confidence. This confidence 
factor can also be explored in non-US countries. 
Explained by THOMSON REUTERS (2010), the main purposes of bond indices are 
to act as a benchmark for portfolio management, as an indicator of market 
performance and development, the basis on which market options and futures may be 
derived, and a comparator for different markets. 
Various users of bond indices have different requirements. International investors are 
often more interested in the more liquid bonds within the sector. These are known as 
the benchmark indices. Therefore, we use the Benchmark 10 Year Datastream 
Government Indices to represent returns from bond markets.5 
The selected 5 bond indices cover the following major countries in global bond 
markets; US, Canada, UK, Germany, and France. 
2.3 Currencies 
The currencies used in this research are trade-weighted currency indices. Antweiler W. 
(2011) explains that a trade-weighted currency index is a weighted average of a basket 
of currencies that reflects the importance of a county’s trade (imports and exports) 
with these countries. Therefore, a trade-weighted currency index is a useful measure 
5 Thomson Reuters Datastream has been calculating domestic government bond indices since 1985, based on the 
formulation recommended by EFFAS (European Federation of Financial Analysts Societies). Benchmark indices 
are based on single bonds. The bond chosen for each series is the most representative bond available for the given 
maturity band at each point in time. Benchmarks are selected according to the accepted conventions within each 
market. Generally, the benchmark bond is the latest issue within the given maturity band; consideration is also 
given to yield, liquidity, issue size and coupon. 
7 













Chapter 2 Data 
to aggregate diverging trends among currencies of a country’s trading partners.6 
We select 8 most recognized and tradable currencies as follows; USD, EUR, CHF, 
GBP, JPY, AUD, CAD, and NZD. 
2.4 Commodities 
Commodity markets have been playing a major role in the global economy, 
particularly these two main categories; energy and metals. The fluctuating prices of 
energy and metals have had a tremendous impact on a variety of consumers ranging 
from individuals to large companies. Although commodities are most widely traded in 
the futures markets, we use cash instruments of which prices are underlying futures 
contracts. We include 5 commodities from the two commodity categories in our 
analysis. All these commodities are crude oil, natural gas, gold, silver, and copper. 
 
6  Sometimes a trade-weighted currency index is taken as a crude measure of a country’s international 
“competitiveness”. 
8 
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